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CHAPTER ONE 
GENERAL INTRODUCTION 
Thesis Organization 
The following thesis is divided into three chapters. Chapter one includes a review of 
the literature pertaining to conditions within the equine cecum and the effects of probiotic 
substances upon this environment. Chapter two presents a summary of the research 
conducted to determine the effects of a non-viable Lactobacillus product on the microbiota 
and environment of the equine cecum. Chapter three includes the general conclusion that can 
be obtained from this research in relation to previous work in this field. Portions of this 
thesis will be submitted for publication and the co-authors will include Peggy A. Miller-
Auwerda, Mark A. Rasmussen, Howard D. Tyler, and Theodore B. Bailey. 
The Equine Cecum and the Effects of Pro biotic Administration: A Review 
Introduction 
Over the past two decades there has been increasing interest by producers and 
investigation by scientists into the usage of probiotics in animal diets. This interest has 
spread to the equine industry. It is the hope of producers, trainers, and nutritionists that these 
products can positively influence equine performance. Probiotics increase growth 
performance by increasing the efficiency of nutrient utilization. These products also alter 
concentrations of pathogenic bacteria in the large intestine, contributing positively to immune 
function. It is the hope of producers that these products can improve growth characteristics 
in young horses. Owners and trainers of mature horses anticipate that probiotic use will 
contribute to improved feed efficiency, nutrient utilization, and clearance of harmful products 
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associated with exercise. In order to fully utilize probiotics in equine diets, nutritionists must 
take into account the needs and limitations of the horse and the value of the product itself. 
The Equine Cecum 
Physical Description 
Equids (horses and zebras) are referred to as large hindgut fermenters. This unique 
type of digestive tract ferments digesta in the large intestine. The digestive system of the 
equine effectively utilizes the fiber typically contained in the diet of a herbivore. Hindgut 
fermenters commonly have a large intestine that consists of both a cecum and colon. Both of 
these organs are responsible for fermentative digestion and are the primary sites of fiber 
digestion in the equine (Mackie and White, 1997). 
The cecum in the horse is located at the junction of the small intestine and colon. 
This structure is a blind sac at the distal end of the ileum. The cecum in the mature horse is 
approximately 1 meter long and has a capacity of 25-35 liters (Clarke and Bauchop, 1977). 
The surface of the cecum consists of a columnar epithelial layer which contain mucus-
secreting goblet cells. The mucus layer that is formed serves to protect the mucosa and 
lubricates the digesta to ease passage. The hindgut itself does not secrete any digestive 
enzymes and lacks epithelial villi. The cecum contains both longitudinal and circular muscle 
layers; contraction and mixing in the cecum are accomplished by the action of these two 
muscle layers that lie beneath the mucosa (Mackie and White, 1997). 
The rate of passage of digesta through the large intestine of the equine is fairly slow 
when compared to that of the small intestine. Once ingested, food enters the cecum after 
approximately 60-90 minutes. It is retained there for up to 5 hours if more food is ingested, 
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but digesta may be retained longer if no more food in ingested {Clarke and Bauchop, 1977). 
Reflux is discouraged by the sigmoid shape of the ileo-cecal junction; valves at the ileo-cecal 
junction and cecal-colonic junction also discourage reflux of digesta. Once food is in the 
cecum, strong musclar contractions mix digesta while valves seal the cecum from the rest of 
the digestive tract (Frape, 1998). 
The particle size of digesta greatly influences mean retention time (MRT) of particles 
within the cecum. As particle length increases, MRT of digesta also increases. Other factors, 
such as environmental temperature, intake of dry matter, and feed quality also have effects on 
MRT. Although, site of digestion of a feed component is not influenced by diet, the relative 
importance of digestion in the lower gut increases with an increase of forage in the diet 
(Hintz et al., 1971). Throughout the entire gastrointestinal tract of the equine there is a 3-5 
hour difference in MRT between particulate and fluid markers. The average MRT for fluid is 
22 hours, while retention time for particles is 27 hours. This selective retention is controlled 
by muscular contractions of the cecum wall (Tsuda et al., 1991). 
The equine cecum is responsible for the absorption and degradation of vital nutrients 
from digesta. The cecum absorbs the most water of any digestive organs. It is also important 
in absorption of electrolytes and absorption and degradation of volatile fatty acids (VFA). 
Sodium, potassium, chloride, and phosphate are all efficiently absorbed from the cecal 
lumen, yet calcium and magnesium are not efficiently absorbed in the large intestine (Frape, 
1998). Absorption of amino acids is also limited in the large intestine (Wysocki and Baker, 
1975). This limited absorption of amino acids discourages the use of non-protein nitrogen 
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(NPN) sources in equine diets; the protein produced from these compounds is of little use to 
the animal. 
Environment Within the Cecum 
Conditions within the cecum provide an environment that is conducive to successful 
microbial growth and metabolism. The temperature in the cecum remains close to that of the 
animal's body temperature (approximately 37°C). The pH within the cecum depends greatly 
upon the type of food that is ingested, but the normal pH range extends from 6.5 to 7 .5. The 
oxygen tension is low inside the cecum, and the oxidation reduction potential is often -200 
m V. This provides an ideal environment for both facultative anaerobic and anaerobic 
bacteria (Mackie and White, 1997). This complex environment consists of a floating solid 
mass of digesta and a liquid phase. These phases provide many microbial niches within the 
cecum itself (Bonhomme-Florentin, 1988). 
Digesta entering from the ileum is normally isotonic with plasma. Within the cecum, 
the predominate cation in digesta is sodium (100 to 128 mM); potassium concentrations are 
lower (9 to 57 mM). Chloride is usually the main anion in cecal digesta (25 to 66 mM), 
although bicarbonate levels in horses may reach higher concentrations (128 mM). As 
digesta moves through the hindgut, sodium concentrations decrease and potassium 
concentrations increase. Chloride concentrations decrease in parallel with sodium, reflecting 
absorption of these two ions in the large intestine. Concentrations of short-chain fatty acids 
(SCFA) also increases greatly in the cecum due to production by cecal microbes (Mackie and 
White, 1997). 
Microbiota of the Cecum 
Substrates and Products 
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There appears to be no bacterial organisms that are unique and specific to the equine 
cecum. The microflora of the equine cecum strongly resembles that of the bovine rumen, and 
differences in microbiota occur predominately at the strain level. The hindgut provides the 
ideal environment for bacterial growth with a constant temperature, pH, and oxygen tension. 
Digesta in the hindgut is the source of many different substrates upon which the bacteria 
thrive. This variety of substrates allows the microflora of the cecum to vary greatly (Mackie 
and White, 1997). Based on the total number of organisms and diversity of these organisms 
it is understandable that the microbial population plays multiple roles in digestion (Maczulak 
et al., 1985). At the same time, the microbial population of the cecum is stable. Few, if any, 
bacterial species are allowed to become dominant, and only in cases of severe diet changes 
can bacteria populations be drastically manipulated. The addition of probiotics to the diet 
decreases diversity of the population to some extent. Most species of bacteria within the 
cecum inhabit the epithelium by colonizing the mucous membrane. The mucous layer serves 
as a structural support, aids in motility, and provides carbon and energy to the microbiota 
(Mackie and White, 1997). 
There are distinct advantages of microbial fermentation when compared to the 
digestion that occurs in the foregut of the equine. The cecal microbiota are able to utilize the 
beta-1,4 polymers of cellulose that digestive enzymes in the small intestine can not degrade. 
Microbial fermentation also allows the horse to utilize cellulose, hemicellulose, and pectin. 
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Microbiota in the cecum also synthesize essential amino acids, B vitamins, and vitamin K2 
(Frape, 1998). 
The diverse population of microbiota in the equine cecum are able to utilize a wide 
variety of substrates. Approximately 19.7% of the bacteria are proteolytic, and 41 % are able 
to utilize glucose. Greater than 80% of the organisms identified are anaerobic. These 
microorganisms excel in growth in this environment of low oxygen tension and reduction 
potentials. An abundance of glucose in the cecum provides a substrate for energy production 
(Kem, 1974). Urea is a substrate for a limited number of microbiota, and only 18% of 
isolates are able to use urea for growth (Baruc et al., 1985; Maczulak et al., 1985). 
The products of microbial fermentation can be both harmful and beneficial to the 
host. The equine cecum produces greater amounts of VF As than the rumen of the steer (97.4 
µMfg vs. 58.6 µMfg) (Kem et al., 1974). The VF As are created from the fermentation of 
fiber, starch, and protein. These products then pass readily into the blood. The predominant 
VF As produced in the cecum are acetic, propionic, and butyric acid. The majority of lactic 
acid produced is then further metabolized into propionate. Hindgut production of VF As 
yields approximately 362 mmol/h and contributes up to 30% of the maintenance energy of 
the animal (Mackie et al., 1997). Approximately 38% of cecal isolates produce acetate, 33% 
yield lactic acid, 21 % produce butyrate, 8% yield succinate, and 6% produce propionate 
(Baruc et al., 1985). Fermentation in the cecum produces gases similar to those produced in 
the rumen: carbon dioxide, methane, and small amounts of hydrogen. 
Microbiota also utilize and synthesize protein. The growth of bacteria is influenced 
by the presence of available nitrogen. Microbes are able to utilize both dietary protein and 
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the urea. Cecal microbes synthesize amino acids, yet this does not significantly contribute to 
the essential protein needs of the horse. Only a small portion of the microbial protein is 
utilized by the animal (Frape, 1998). Alanine, glutamic acid, valine, and aspartic acid are the 
predominant amino acids produced (Barne et al., 1985). Microbiota which contain the 
enzyme urease are able to convert urea in the cecum into ammonia (Frape, 1998). The 
ammonia produced is then converted to protein by the microbiota. Therefore, any non-
protein nitrogen in the large intestine is converted to ammonia for utilization by the cecal 
microbes or absorption into the bloodstream (Wysocki and Baker, 1975). Microorganisms 
also contribute nitrogen to the system by their own cell death and further absorption (Frape, 
1998). 
The microbiota of the cecum serve the vital function of utilizing fibrous material that 
is ingested by the animal. Horses do not synthesize the enzymes capable of the breakdown of 
cellulose. Therefore, they must rely on microbial fermentation to degrade this substrate. The 
bacterial fraction attaches to the fibrous structures and digests them through the interaction of 
depolymerases and glycosidases. Xylanase activity provides the means for microbes to 
colonize and degrade pectin structures (Bonhomme-Florentin, 1988). The cellulolytic 
bacterial count in horses is 100-fold lower than that in the rumen. These bacteria represent 
only 3.8% of the total bacterial population of the cecum (Julliand et al., 1999). 
Influence of Diet 
. The composition of the diet affects the species of microbiota that inhabit the cecum. 
Following ingestion of com and oats, the pH in cecal chyme decreases with the greatest 
decrease occurring between 4 and 8 hours post-feeding. This decline is also more significant 
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after feeding of low fiber concentrates such as corn. Decreases in pH are linearly correlated 
with increases in VFA concentration in the cecum. Lactate concentrations increase 
simultaneously with the increase in VFA production (Radicke et al., 1991). 
An abrupt change in diet from hay to concentrate results in higher numbers of viable 
bacteria initially and decreases in bacterial numbers after 72 hours. Starch utilizers represents 
73.1 % of the total bacterial population when hay is fed alone; this number increases to 85.2% 
of the total population when concentrates are added to the diet. The percentage of bacteria 
that utilize xylan and pectin decrease as more concentrate is added to the diet, but the 
number of lactate-utilizing bacteria increase from 26.1 % to 33.5% when concentrate is fed 
(Goodson et al., 1988). When the fiber content of the diet is increased, the molar proportion 
of acetate increases and the proportion of propionate decreases (Mackie et al., 1997). In 
instances of carbohydrate overload, lactic acid-producing bacteria predominate. This 
increases the amount of lactic acid in the cecum, thus lowering pH. When pH declines, many 
bacterial species do not survive and release endotoxins (the lipopolysaccharide residue from 
the cell walls of bacteria) when death occurs. High concentrations of lactic acid and 
endotoxins may damage the intestinal mucosa. The damage to the mucosa then triggers 
histamine release and altered blood flow induces laminitis (Garner et al., 1978). 
The microbiota within the equine cecum are diverse and uniquely adapted to inhabit 
this environment. While cecal samples from different horses show large variations in flora, 
relationships between fractions of the cecal contents (acellular fluid, bacteria, and protozoa 
plus bacteria) remain similar (Bonhomme-Florentin, 1988). Total bacterial counts in the 
cecum range from 108 -1011 organisms/ g of contents. Over 100 different bacterial isolates 
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exist in the equine cecum (Maczulak et al., 1985). The total bacteria count may be diet-
dependent (Sprouse and Garner, 1979). Approximately 20% of the isolates in the cecum are 
proteolytic (Mackie, 1997). 
Classification of Microbiota 
Upon direct examination, the equine cecum contains large numbers of Gram negative, 
anaerobic bacilli. This appears to be the principal group of microbiota found in the cecum. 
Approximately 50.9% of the microbiota examined are Gram negative rods (Maczulak et al., 
1985). The Gram negative bacilli are short to medium in length, rod-shaped, and occur in 
singles or pairs (Davies, 1964). The appearance of these organisms is consistent with that of 
the species Bacteroides and Fusobacterium. Gram positive, facultative bacilli and cocci are 
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also found in the equine cecum in fairly high concentrations (Sprouse and Garner, 1979). 
The Gram positive bacilli and cocci constitute approximately 40% of the cecal flora (Bame et 
al., 1985). The genus Bacillus is present in cecal microbiota, as are the species Lactobacillus, 
Clostridium, and Butyrivibro. These species represent a portion of the Gram positive rods 
which inhabit the equine cecum. The species Ruminococcus and Streptococcus represent 
some of the Gram positive cocci in the cecum (Stanier et al., 1986). 
Gram Negative Bacilli 
The Gram negative bacilli species of Bacteroides are fermentative bacteria and are 
commonly found in the intestinal tract of animals. These versatile obligate anaerobes utilize 
sugar, amino acids, and organic acids as substrates. Bacteriodes ferments sugars through 
either the succinate (Figure 1) or propionate pathway. The succinate pathway converts a 
number of substrates to pyruvate. The final products of this pathway are succinate and 
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acetate. The propionate pathway occurs in two forms. Bacteroides are able to utilize both 
randomizing (Figure 2) and nonrandomizing (Figure 3) pathways. The randomizing pathway 
involves symmetrical intermediates (fumarate and succinate) which have identical axes of 
symmetry. The nonrandomizing path has no symmetrical intermediates, but produces the 
same products of fermentation as the randomizing pathway. The products of both pathways 
are propionate and acetate (Stanier et al., 1986). 
The microbes of the Bacteroides genus utilize fumarate reductase to reduce fumarate 
to succinate. They are also able to use mucin, chondroitin sulfate, and hyaluronic acid as 
substrates (Neidhardt et al., 1990). These bacteria represent approximately 1.8% of the total 
bacterial population (Baruc et al., 1985). 
Fusobacterium are obligate anaerobes which function well in the environment of the 
cecum. They ferment sugars through the butyrate (Figure 4) or homolactic pathways. The 
butyrate pathway converts pyruvate to butyryl CoA which is then converted to butyrate. 
Adenosine triphosphate (ATP) is generated by one of two methods. The CoA compound is 
exchanged for phosphate groups in anhydride linkages to convert ADP to ATP, or the CoA 
group is transferred to acetate to form acetyl CoA and the phosphate group is transferred to 
ADP. The homolactic fermentative pathway converts glucose to two lactate by use of a part 
of the EMP (Embden Meyerhoff Pathway) pathway (Stanier et al., 1986). 
CoA 
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Pyruvate -----~~~----------- phosphoenolpyruvate 
ATP ADP 
CoA 
acetyl CoA 
GDP---
GTP 
Ox al acetate 
NADH~H+ 
NAD+ +--f 
Malate 
Succinate 
Figure 1. Succinate fermentation (adapted from Stanier et al., 1986). 
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Lactate 
H,+----i 
Pyruvat~ 
CO2 _ CO2~ 2H 
~CoA JI 
Acetyl-CoA Malate 
CoA ~H,0 
Acetyl phosphate Fumarate 
___ 2H 
Acetate Succinate 
Propi01,1yl-CoA 
Propionate 
Succinyl-CoA .------- . 
Methylmalonyl-CoA 
Figure 2. The randomizing pathway of propionate formation (adapted from Stanier et al., 
1986). 
Pyruvate 
CoA ----
~2H 
Acetyl-CoA 
CoA. 
Acet 1-P 
ADP---
ATP 4--------1 
Acetate 
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2H 
Lactate 
Propionate + Propiony!-CoA 
Lactyl-CoA 12H 
Acrylyl-CoA 
H20 
Figure 3. The nonrandomizing pathway of propionate formation (adapted from Stanier et al., 
1986). 
Gram Positive Bacilli 
The genus Bacillus are mesophilic chemoheterotrophs which form endospores and are 
classified into three groups based on their structure and the location of the endospore. 
Endospores are protective structures of the bacterial cell which allow it to withstand harsh 
environments. Endospores allow bacteria to escape to a metabolically inactive state. 
Formation of endospores is triggered by unfavorable conditions such as low nutrient 
concentration (Niedhardt et al., 1990). These bacteria are facultative anaerobes that utilize 
glucose in the presence of oxygen (Stanier et al., 1986). 
Clostridium species are classified as anaerobic spore-forming bacteria. In the 
presence of a fermentable carbohydrate, the butyric acid clostridia are extremely successful. 
These bacteria form acetic acid, butyric acid, CO2, and H2• Clostridia are also capable of 
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degrading nitrogenous compounds (Stanier et al., 1986). These bacteria are acetogenic 
(Figure 5) and capable of reducing carbon dioxide to acetate (Talaro and Talaro, 1996). 
Clostridium species are also able to utilize cellulose. Cellulolytic enzymes from this species 
exist as multi enzyme complexes termed cellulosomes. Cellulosomes are composed of up to 
14 different polypeptides; the majority have cellulase or xylanase activity (Mackie and White, 
1997). These bacteria represent 5.5% of the total bacterial population (Baruc et. al., 1985). 
Butyrivibro are anaerobic bacteria which do not perform homo- or heterolactic 
functions. They accomplish fermentation through the butyrate system. This system converts 
pyruvate to butyrate (Stanier, 1986). These bacteria represent 16.6% of the total population 
(Baruc et al., 1985). 
Gram Positive Cocci 
Ruminococcus is the predominant cellulolytic bacteria in the equiile cecum (Julliand 
et al., 1999). These obligate anaerobes are capable of fumarate respiration (Figure 6) and 
ferment sugars through the succinate or ethanol and acetate pathways. The acetate pathway 
converts glucose to pyruvate which in turn is converted to acetate via acetyl CoA (Stanier et 
al., 1986). Julliand et al. (1999) observed that Ruminococcus flavefaciens is the primary 
species of cellulose-degrading bacteria in the cecum. This particular species ferments 
cellobiose to produce acetate, formate, and ethanol. However, it does not produce malate and 
fumarate as is produced by ruminal strains. Strains of Ruminococcus in the cecum exhibit 
metabolic and fermentative differences from strains present in the rumen. This may be due to 
an evolutionary adaptation of the bacteria to the environment of the cecum. These bacteria 
represent 7.4% of the total population (Baruc et al., 1985). 
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2 Pyruvate 
2Co 2 Formate 
2Ace 1-CoA J:::coA 
Acet y A 
NADH H+ 
NAD+ 
B-hyd oxybutyryl-CoA 
H20 
Crotonyl-CoA 
NADH H+ 
NAD+ 
Butyr -CoA 
Pi 
CoA 
Butyr 1-P 
ADP 
ATP 
Butyrate 
Butyr 1-CoA 
Acetate -------
Acetyl-CoA 
CoA 
Acet P ------ADP 
Figure 4. Butyrate fermentation (adapted from Stanier et al., 1986) 
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ATP ~~---- H4F [J 'methyl-B12-E 
ADP+Pi 
10-formyl-~ 
H,O [] 
5,10-methenyl-~ 
NADPH+H+ 
5,10-methylene-~ 
X 
5-methyl-~ 
1. ?? 
2. formyl-tetrahydrofolate synthetase 
3. formyl-tetrahydrofolate dehydrogenase 
4. methylene-tetrahydrofolate dehydrogenased 
5. methylene-tetrahydrofolate reductase 
6. ?? 
7. CO-dehydrogenase 
8. ?? 
9. acetate kinase 
.._CoA 
[] 
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ADP+Pi 
ATP El 
Figure 5. The reduction of carbon dioxide to acetate by acetogenic Clostridia (adapted from 
Talaro and Talaro, 1996). 
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Streptococcus are facultative anaerobes which ferment glucose to lactic acid. These 
bacteria are major starch degraders that grow on a broad range of simple disaccharide and 
monosaccharide carbohydrates. Streptococci prefer fermentative pathways even in the 
presence of oxygen. They lack catalases and cytochromes which limits the potential for 
utilization of oxygen (Talaro and Talaro, 1996). These bacteria represent 5.5% of the total 
population (Barne et al., 1985). 
Outer Membrane 
2H 
succinate 
Cytoplasm 
Figure 6. Fumarate reduction (adapted from Niedhardt et al., 1990). 
Lactobacillus 
Lactobacilli are facultative anaerobes which also prefer fermentative pathways even 
in the presence of oxygen. They are most successful in environments containing little 
oxygen, a neutral to acidic pH, and they resist the inhibitory effects of carbon dioxide 
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(Neidhardt et al., 1990). The genus Lactobacillus is typically referred to as a lactic acid-
producing bacteria. It converts glucose to lactate or lactic acid. The process of lactic acid 
fermentation by Lactobacilli occurs through two pathways. Bacteria in this genus are divided 
into two groups based on the end products of fermentation. Homolactic bacteria convert 
glucose to lactate through the homofermentative pathway (Figure 7). The pathway shares 
processes with the EMP pathway in which one molecule of glucose is converted into two 
molecules of pyruvate. Pyruvate is then converted to lactate by the oxidation of NADH2• 
Within the pathway, both oxidative and reductive reactions occur. The energy yield of this 
process is low, and fermentation demands a large amount of substrate in order to meet the 
energy needs of the bacteria. This is an effective pathway to provide energy when glucose is 
abundant and oxygen levels are low (Neidhardt et al., 1990). 
The second group of lactate fermenters are referred to as heterolactic bacteria. This 
group of Lactobacilli utilize the heterofermentative pathway (Figure 8) to convert glucose to 
ethanol and lactate. This pathway also contains parts of the EMP pathway, but does not yield 
pyruvate as an intermediate. The energy yield of this pathway is lower than that of 
homolactic bacteria, yet it does provide energy to bacteria that have little or no oxygen 
available for use (Fletcher and Floodgate, 1985). These bacteria represent 5.5% of the total 
population (Baruc et al., 1985). 
Probiotics 
The term probiotic refers to preparations of live micro-organisms or microbial 
stimulants which influence microflora in the recipient. A probiotic can be a bacteria, yeast, 
fungi, or phage. These products are currently hypothesized to suppress diarrhea, improve 
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lactose intolerance, improve growth of animals, and bolster immunity. An effective probiotic 
is thought to inhibit colonization of harmful microflora, influence metabolic activity of the 
host, and stimulate the immune system of the host (Fuller, 1997). Probiotics that are used to 
establish a normal gut population of microflora are thought to improve absorption of 
nutrients in the large intestine. In vitro, these products have shown the ability to produce 
antibiotics such as acidophilin, lactolin, and acidlin (Higginbotham and Bath, 1993). 
Glucose ~:: 
2 Glyceraldehyde 3-P ___ pi 
------------ 2NAD+ 
1----------• 2 NADH2 
2 lrDiphos~hoglycerate 
4ADP 
4ATP 
2 Pyruvate-------------'----- 2 Lactate 
Figure 7. The production of lactate by the homofermentative pathway (adapted from 
Niedhardt et al., 1990). 
Results from trials testing the effects of probiotics have been inconsistent. Many 
factors appear to influence effectiveness of the treatment. Preparation of the products greatly 
affects performance of the animal. Products that are contaminated, improperly stored, or are 
the incorrect taxonomy are not as effective. Diet of the animal influences how the microbiota 
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affects the host. The condition of the animal also influences response. There is less effect of 
probiotics provided to animals in good management situations with high levels of hygiene. 
Probiotics tend to have a greater effect on animals that are sick or stressed. The stage of 
growth and development of the host animal also affect how well the product works. 
Attachment of microbes to the intestinal epithelial is not necessary; rapid growth of the 
desired microbial population can provide the same results as attachment if the product is 
administered continuously (Fuller, 1997). 
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Figure 8. The production of lactate by the heterofermentative pathway (adapted from 
Neidhardt et al., 1990). 
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Lactobacillus Probiotics 
Lactic acid bacteria are the most commonly utilized for probiotic use. Lactobacillus 
bacteria are lactic-acid producing bacteria that are normal components of the equine 
microflora. Lactic acid bacteria thrive in the gastrointestinal system of all animals by 
adhering to the epithelial surface of the gut (Fuller, 1997). Lactobacillus bacteria have a 
generally recognized safe (GRAS) status when used as a probiotic because they do not 
participate in the degradation of the intestinal mucosa. Lactic acid bacteria are commonly 
supplemented to treat intestinal microflora disturbance. These bacteria influence 
permeability of the gut, and when used as a probiotic, lactic acid bacteria modify microflora 
in the intestines (Lee et al., 1999). 
Lactobacillus bacteria also promote resistance to colonization of harmful bacteria and 
intestinal integrity (Lee et al., 1999). Several factors influence the ability of Lactobacillus 
species to colonize intestinal mucosa. Host related factors include body temperature, pH, 
redox potential, bile acids, enzymes, and genetic resistance of the animal. Other factors are 
microbe-related: the presence of antagonistic microorganisms, bacteriophages, and 
bacteriocins may all affect the ability of Lactobacillus to ad~ere and colonize intestinal 
epithelium. Finally, the diet and the animal's environment also affect colonization. 
Availability of substrate materials for the bacteria influences the growth of Lactobacillus, and 
diet influences the types and concentrations of microbiota present. Stress factors also 
influence the colonization of microflora. Stresses such as illness, weaning, and transport may 
have a large influence on the microbial population of the animal and will effect the degree of 
colonization (Fuller, 1997). Lactobacillus products reduce the growth of E. coli in vitro by 
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producing a metabolite that neutralizes enterotoxins (Mitchell and Kenworthy, 1976). These 
products seem to control the growth of coliforms in rats in vivo (Sinha et al., 1979), and 
Lactobacillus products may also reduce the occurrence of E. coli in the intestinal tract of 
humans (Speck, 1976). 
NVP (Non-Viable Product) versus VP (Viable Product) 
Lactobacillus acidophilus products are produced in both viable and non-viable forms. 
Viable products (VP) contain live organisms, and non-viable products (NVP) contain no 
viable organisms in the solution. The use of Lactobacillus acidophilus products, both viable 
and non-viable, are thought to improve calf health and feed efficiency. The method by which 
non-viable Lactobacillus colonize the intestinal tract is not yet understood. It is believed that 
these products work through microbial metabolites contained in probiotic solutions 
(Higginbotham and Bath, 1993). Treatment with nonviable products yield similar results to 
treatment with VP. In preliminary trials, treatment with NVP increased weight gain and daily 
feed intake in rats. This data is comparable to the results observed in rats consuming VP 
solutions (Stuart et al., 1978). 
Effect of Strain 
When administering Lactobacillus products, considerations should be given to the 
strain that is utilized. Gilliland et al. (1980) investigated the effects of providing two 
different strains of Lactobacilli acidophilus on performance characteristics of dairy calves. 
The strain of human origin was less effective as a dietary supplement than the strain of calf 
origin. Feces of calves receiving the Lactobacilli of calf origin contained more lactobacilli 
and less coliforms than feces of calves receiving bacteria of human origin, suggesting that 
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bacteria of calf origin are more effective at colonizing the intestinal tract of the calf (Gilliland 
et al., 1980). 
Investigations of Probiotic Use with Other Species 
Bovine 
Studies testing cows with Lactobacillus products have yielded inconsistent results. 
Lactobacillus species have been added to the milk replacer of young dairy calves in an 
attempt to enhance growth performance. Probiotics have also been utilized in milk replacer in 
an effort to decrease the occurrence of diarrhea in young bottle-fed calves. Producers would 
like increases in weight gain, feed intake, and average daily gain as responses to feeding 
cultured milk replacers and starter rations. Probiotics have also been investigated as a 
possible way to manipulate the output of lactating dairy cows. 
Effects of Lactobacillus acidophilus products on calf performance vary. Calves fed 
cultured milk consume less starter. Calves receiving cultured replacer have a tendency to 
gain less body weight. These data would suggest feeding a probiotic is not beneficial to the 
calf (Morrill et al., 1977 and Hatch et al., 1973). However, investigations by the same 
researchers showed probiotics can have the same effects as antibiotics. Calves fed milk 
replacer containing an antibiotic exhibited equal growth performance when compared to 
calves receiving the probiotic. Calves fed antibiotics and probiotics also did not differ in 
immunological status (Morrill et al., 1995). 
Calves fed probiotics receive the same performance benefits as calves consuming 
antibiotics (Morrill et al., 1995). Bechman et al. (1977) observed a 7-17% increase in body 
weight gains for calves fed Lactobacillus acidophilus organisms from 4 to 42 days of age 
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(Bechman et al., 1977). Calves consuming non-viable products (NVP) tend to ingest more 
starter feed when compared to those consuming viable products (VP), however, there was no 
improvement in calf performance by feeding either VP or NVP forms of Lactobacillus 
acidophilus (Higginbotham and Bath, 1993). 
Calves fed whole milk supplemented with Lactobacillus acidophilus also showed 
decreased fecal coliform counts over time. This linear decrease in coliforms suggests an 
antagonistic action by the Lactobacillus towards coliforms. It confirms the theory that these 
bacteria implant themselves into the intestinal wall, discouraging the growth of pathogenic 
bacteria (Ellinger et al., 1978). Calves fed pasteurized milk with Lactobacillus acidophilus 
have significant increases in the numbers of fecal lactobaciHi and decreases in coliform 
counts (Gilliland et al., 1980). Coliform concentrations also tend to be lower in calves fed 
NVP (P > 0.11). However, calves on both treatments increased fecal scores to a similar 
extent. Fecal scores were obtained by observation and assignment of a numerical score of 1 
to 4 based on the condition of the feces (Higginbotham and Bath, 1993). 
Due to decreased colonization by E.coli, calves fed Lactobacillus products in 
cultured milk replacers have a decreased occurrence of scours (Bechman et al., 1977). 
Although most investigations confirmed the positive effects of Lactobacillus 
supplementation upon fecal scores, Morrill et al. (1977) and Hatch et al. (1973) observed that 
calves fed cultured milk had looser stools and lower fecal scores. 
There has also been inconsistent findings in studies performed on older ruminants. It 
is thought that supplementation of Lactobacilli in these animals will alter ruminal pH, 
influence VFA formation, and increase concentrations of cellulolytic bacteria. Supplements 
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that contain both yeast culture and live Lactobacillus have shown no influence on 
concentrations of lactobacilli or enterococci. These supplements also had no significant 
effect on rumen pH or VFA production. However, this combination of products did increase 
the number of cellulolytic bacteria in the rumen (Dawson et al., 1990). 
Schwab et al. (1980) observed an increase in the intake of starter rations when a 
nonviable fermentation product of Lactobacillus bulgaricus was fed to calves. The addition 
of the fermentation product increased intake of the starter ration and average daily gain of the 
calves. These results were not repeatable in the other trials, but there were positive trends for 
improved weight gain and intake when NVP was administered (Schwab et al., 1980). 
Supplementation of lactating dairy cows with a microbial fermentation product with 
yeast culture, increased milk yield. Treated cows produced significantly more milk with a 
lower fat percentage, however there was no significant differences in protein percentages 
between treated and control cows. Reduced fat percentage in the milk is believed to be a 
indirect effect of more Lactobacilli in the rumen, although actual concentrations of 
Lactobacilli in the rumen were not measured in this investigation. These bacteria degrade 
starches quite rapidly, producing higher concentrations of propionate than cellulolytic 
bacteria which produce acetate. Increases in propionate concentration and subsequent 
decreases in acetate concentration influences milk fat percentage. When concentrations of 
propionate increase, more energy is directed to body fat synthesis and less is used for milk fat 
synthesis. Consequently, low acetate concentrations force adipose tissue to compete with 
mammary tissue for acetate. Low concentrations of acetate in mammary tissue reduce milk 
fat synthesis (McGilliard and Stallings, 1998). 
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Avian 
Investigations involving the effects of probiotics in poultry have concentrated on the 
nutrient utilization of the bird, performance effects, enterococci management, and changes in 
immunity. Supplementation of birds with Lactobacillus acidophilus has no effect on fat and 
nitrogen utilization. However, Lactobacillus acidophilus supplementation significantly 
increases weight gain and feed efficiency when added to the water of young chicks (Tortuero, 
1973). 
Supplementation with Lactobacillus also resulted in lower cecal and fecal weights 
along with increases in the number of Lactobacilli and an almost complete disappearance of 
Enterococci at nine days of age. These observations reflect the ability of lactobacilli to 
manage the negative effects of enterococci. Positive results were more marked in the 
environment that was inhabited by birds for many years; differences were not as great 
between supplemented and unsupplemented groups raised in a relatively new environment. 
This suggests that the Lactobacillus supplementation is more effective when the bird's 
immune system is challenged (Tortuero, 1973). 
Ovine 
Lactobacillus products administered to swine have produced variable but relatively 
positive results. In starter rations for weaned pigs, probiotics have influenced growth 
performance, immune response, and E. coli counts. Observations in growing-finishing pigs 
are less dramatic. Investigations in this area have concentrated on digestive efficiency, 
growth performance, and the additive effects of other substances. 
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The addition of a Lactobacillus fermentation product (LFP) to diets of weaned pigs 
increased gain (P<0.04) and feed intake (P<0.04) (Lessard and Brisson, 1987). When they fed 
nonviable LFP to artificially raised pigs with E. coli challenges Pollmann et al. (1982) 
observed a trend for increased gain. No effects were observed on average daily gain or 
Lactobacillus populations (Pollmann et al., 1982). 
Lessard and Brisson (1987) also investigated the effects of supplementation with 
Lactobacillus on serum IgG and lgA levels and the activities of B-glucuronidase and B-
glucosidase (fecal enzymes). Pigs fed Lactobacillus had higher IgG levels on the day of 
vaccination (P<0.05) and at the end of the trial (P<0.02). Supplementation did not affect 
IgA concentration. Fecal enzymes were also not influenced by the administration of LFP. 
This investigation confirmed that Lactobacillus supplementation affects immune response, 
but does not directly affect diet digestibility in the pig. 
Lactobacillus acidophilus in the non-viable form significantly suppressed E. coli 
counts in the stomach of pigs. Pigs receiving NVP tended to have increased weight gain. 
These results implied that suppression of the growth of E. coli positively influences body 
weight gain (Pollmann et al., 1982). 
Nonviable LFP improved digestion of crude fiber (P< 0.05) in growing pigs. There 
were no effects observed for the digestion of dry matter, nitrogen, ether extract, ash, and 
nitrogen free extract. It did not effect average daily gain (Hale and Newton, 1979). Pollmann 
et al. (1980) observed a trend for increased average daily gain and feed conversion when 
probiotics were fed to growing-finishing pigs. The addition of nonviable LFP to the diet also 
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reduced occurrence of scours (P<0.05) in pigs between the ages of 4 and 5 weeks (Hale and 
Newton, 1979). 
The addition of Lactobacillus acidophilus without antibiotics resulted in improved 
ADG (4.5%) and FC (7.2%). This trial suggested that there is not an additive effect when 
antibiotics are added to Lactobacillus acidophilus solutions. This data confirms that 
Lactobacillus products act in the same manner as antibiotic additives, but there is not an 
additive antibiotic effect when these substances are added to bacterial cultures (Pollmann et 
al., 1980). 
Probiotic Use with Equines 
There have been no published investigations testing the use of Lactobacillus 
acidiphilus products in horses, however the use of yeast cultures in horses has been 
investigated. Aspergillus oryzae is utilized as a direct-fed microbial (DFM) in equine diets. 
When soluble starch is fermented with Aspergillus oryzae in vitro, increased amounts of 
acetate, propoinate, ammonia (NH3), L-lactate are produced (McDaniel et al., 1993). The pH 
decreases. Addition of yeast culture to amino acid and peptide solutions ~so decreases the 
final pH of the solution. Concentrations of H2, acetate, propionate, butyrate, and total VF A 
also increase. Solutions fermented with alfalfa and bermudagrass hay yield decreased 
concentrations of C~; in vitro dry matter disappearance (IVDMD) and digestion of NDF and 
ADF all decrease. When cecal organisms are exposed to the yeast culture the microbiota 
appear to adapt to the product (McDaniel et al., 1993). 
Investigations conducted in vivo sought to prove that yeast cultures improve digestive 
efficiency of adult horses. Webb et al. (1985) observed no improvement in digestion of 
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energy and protein following addition of yeast culture to the diet. The authors of this work 
contended that the product was most likely fed in concentrations that were too low to 
demonstrate any improvement in digestive efficiency. They also hypothesized that much of 
the product was degraded in the acidic stomach and small intestine before it could reach the 
large intestine in significant amounts and potentially improve the intestinal flora. 
It has been hypothesized that the addition of Lactobacillus products to the diet of 
equines will yield results similar to those observed in other species. Probiotic use is thought 
to improve feed efficiency. Increases in lactate and cellulose-utilizing bacteria improve 
equine feed efficiency. Increases in bacterial concentration can be measured directly by most 
probable number (MPN) procedures, and indirectly by measuring cecal pH and VF A 
production. Enhanced microbial population in the cecum result in increased VF A production 
and changes in cecal pH. The concentrations of lactate and cellulose-utilizing bacteria in the 
cecum should also increase. This improved microbial population better utilizes forages in the 
diet and increases the clearance of harmful lactate in the body. 
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CHAPTER TWO 
THE EFFECT OF A MICROBIAL SUPPLEMENT CONTAINING 
LACTOBACILLUS ACIDOPHILUS ON THE MICROBIAL AND 
CHEMICAL COMPOSITION OF EQUINE CECAL CONTENTS 
A paper, a portion of which will be submitted to the Journal of Animal Science. 
J.A. Booth, P.A. Miller -Auwerda, M.A. Rasmussen, H. D. Tyler, and T.B. Bailey 
ABSTRACT 
This study examined the effect of non-viable Lactobacillus acidophilus on 5 cecal-
fistulated Quarter Horse geldings. Cecal samples were collected and analyzed for lactate and 
cellulose-utilizing bacterial concentrations, pH, and volatile fatty acid (VFA) concentrations. 
The geldings were supplemented with 0, 10, or 20 ml of Lactobacillus product by oral dose. 
Least square mean values for concentration of lactate-utilizing bacteria did not differ among 
the treatments (P<.38). Least square mean values for concentration of cellulose-utilizing 
bacteria also did not differ among treatments (P<.30). Values of least mean squares for pH 
did not show significant differences by treatment (P<.70). Least square mean values for acetic 
acid concentration did not differ among treatments (P<.71). Mean values for propionic acid 
by least squares methods also did not express a difference by treatment (P<.91). Least square 
mean values for butyric acid concentration tended to decrease with treatment (P<.15). Lactic 
acid concentrations did not differ by treatment (P<.58). It appears that Lactobacillus 
acidophilus supplementation has no effect on microbial and VF A concentrations in the 
cecum of the horse. 
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INTRODUCTION 
The term probiotic refers to preparations of live micro-organisms or microbial 
stimulants that influence the microflora that is already present in the recipient. At the present 
time, these products are thought to influence the Osuppression of diarrhea, lactose intolerance, 
growth of animals, and immunity. An effective probiotic promotes the resistance of 
colonization of harmful microflora, influences the metabolic activity of the host, and 
stimulates the immune system of the host (Fuller, 1997). Probiotics that are used to establish 
a normal gut population of microflora are thought to improve the absorption of nutrients in 
the large intestine. It is also thought that probiotics serve to control the growth of pathogenic 
organisms in the gastrointestinal tract (Higginbotham and Bath, 1993). 
Lactic acid bacteria are the most commonly utilized for probiotic use. Lactobacillus 
bacteria are lactic-acid producing bacteria that are normal components of the equine 
microflora. Lactic acid bacteria thrive in the gastrointestinal system of all animals by 
adhering to the epithelial surface of the gut (Fuller, 1997). Lactobacillus bacteria have a 
generally recognized safe (GRAS) status when used as a probiotic because they do not 
participate in the degradation of the intestinal mucosa. The lactic acid bacteria are commonly 
supplemented to treat intestinal microflora disturbance. These bacteria influence the 
permeability of the gut, and when used as a probiotic, the lactic acid bacteria have the ability 
to modify the microflora of the intestines (Lee et al., 1999). 
Effects of Lactobacillus acidophilus products on animal performance vary. Calves 
fed cultured milk consume less starter. Calves receiving cultured replacer have a tendency to 
gain less body weight. These data would. suggest feeding a probiotic is not beneficial to the 
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calf (Morrill et al., 1977; Hatch et al., 1973). However, investigations by the same researchers 
showed probiotics can have the same effects as antibiotics, and calves fed probiotics receive 
the same performance benefits as calves consuming antibiotics (Morrill et al., 1995). 
Growing calves fed supplements that contain both yeast culture and live Lactobacillus 
have shown no influence on concentrations of lactobacilli or enterococci. These supplements 
also had no significant effect on rumen pH or VFA production. However, this combination 
of products did increase the number of cellulolytic bacteria in the rumen (Dawson et al., 
1990). Supplementation of lactating dairy cows with a microbial fermentation product with 
yeast culture, increased milk yield. Treated cows produced significantly more milk with a 
lower fat percentage, however there was no significant differences in protein percentages 
between treated and control cows. 
Lactobacillus acidophilus supplementation significantly increases weight gain and 
feed efficiency when added to the water of young chicks (Tortuero, 1973). Probiotic use in 
chicks also resulted in lower cecal and fecal weights along with increases in the number of 
Lactobacilli and an almost complete disappearance of Enterococci at nine days of age. 
The addition of a Lactobacillus fermentation product (LFP) to diets of weaned pigs 
increased gain (P<0.04) and feed intake (P<0.04) (Lessard and Brisson, 1987). When they fed 
nonviable LFP to artificially raised pigs with E. coli challenges Pollmann et al. (1982) 
observed a trend for increased gain. No effects were observed on average daily gain or 
Lactobacillus populations (Pollmann et al., 1982). 
Nonviable LFP improved digestion of crude fiber (P< 0.05) in growing pigs. It did 
not effect average daily gain (Hale and Newton, 1979). Pollmann et al. (1980) observed a 
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trend for increased average daily gain and feed conversion when probiotics were fed to 
growing-finishing pigs. The addition of nonviable LFP to the diet also reduced occurrence of 
scours (P<0.05) in pigs between the ages of 4 and 5 weeks (Hale and Newton, 1979). 
The use of yeast cultures in horses has been investigated. Aspergillus oryzae is 
utilized as a direct-fed microbial (DFM) in equine diets. When soluble starch is fermented 
with Aspergillus oryzae in vitro, increased amounts of acetate, propoinate, ammonia (NH3), 
L-lactate are produced (McDaniel et al., 1993). The pH decreases. Addition of yeast culture 
to amino acid and peptide solutions also decreases the final pH of the solution. 
Concentrations of H2, acetate, propionate, butyrate, and total VF A also increase. When cecal 
organisms are exposed to the yeast culture the microbiota appear to adapt to the product 
(McDaniel et al., 1993). fuvestigations conducted in vivo sought to prove that yeast cultures 
improve digestive efficiency of adult horses. Webb et al. (1985) observed no improvement in 
digestion of energy and protein following addition of yeast culture to the diet. 
Probiotic use in horses is thought to improve feed efficiency. Increases in lactate and 
cellulose-utilizing bacteria contribute to the improved equine feed efficiency. Increases in 
bacterial concentration can be measured directly by MPN procedures, and indirectly by 
measuring cecal pH and VF A production. Enhanced microbial population in the cecum 
result in increased VF A production and changes in cecal pH. The concentrations of lactate 
and cellulose-utilizing bacteria in the cecum should also increase. This improved microbial 
population better utilizes forages in the diet and increases the clearance of harmful lactate in 
the body. 
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MATERIALS AND METHODS 
Five cecal-fistulated Quarter Horse geldings from the Iowa State University Horse 
Farm were utilized. The horses ranged in age from 4 to 8 years with an average of 6.6 years. 
The geldings ranged in body weight from 439 to 523 kg and averaged 482 kg. Diets 
consisted of a pelleted feed (Purina, Strategy) fed at approximately 0.75% of body weight 
daily and an alfalfa-bromegrass hay fed at 1.0% of body weight daily. The geldings were 
housed in a dry lot and fed as a group. Body weight was measured weekly to monitor the 
accumulation or reduction of body condition. Water and mineral sources were given on an 
ad libitum basis. All horses received regular herd vaccinations and deworming. 
The treatments consisted of 0, 10, and 20 ml of NVP administered by oral dose 90 
minutes after the morning feeding. The test subjects were .paired on the basis of age 
(youngest horse was paired with the oldest, etc.), and each pair received the same treatment 
per period. During the course of the investigation, each pair randomly received each 
treatment in a switch-back design. The investigation was divided into 4 periods in which the 
horses received the designated treatment and samples were taken twice. During period 2 no 
treatment was given in order to measure any carry-over effects. Thus, 14 days of no 
treatment were also utilized between periods 3 and 4. A base sample was taken on day 0 and 
subsequent samples were then taken on days 14, 28, 42, 56, 70, 84, 112, and 126 (Table 1). 
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Table 1. Treatment periods and samplings in relation to treatment amounts (ml) 
Horse 1 2 3 4 5 
Base-Line Sample 0 0 0 0 0 
(Day 0) 
Period 1 10 0 0 20 10 
Sample Day 14 
Sample Day 28 
Period 2 0 0 0 0 0 
(Carry-over: no 
treatment) 
Sample Day 42 
Sample Day 56 
Period 3 20 10 10 0 20 
Sample Day 70 
Sample Day 84 
No treatment: carry 0 0 0 0 0 
over 
Period 4 0 20 20 10 0 
Sample Day 112 
Sample Day 126 
Collection of Cecal Samples and Determination of pH 
Samples were taken on days 0, 14, 28, 42, 56, 70, 84, 112, and 126 of the 
investigation. Cecal samples were obtained 90 minutes after the morning feeding. The 
fistula was opened and cecal contents (solid and liquid) were collected in an insulated 
container. Each container was then analyzed for pH by the use of a Coming 314 hand-held 
pH meter. Following collection the samples were transported to the National Animal Disease 
Center (Ames, IA) for further analysis. 
Determination of the Concentration of Cellulose and Lactate-Utilizing Bacteria 
The concentration of cellulose and lactate-utilizing bacteria were determined by the 
most probable numbers procedure (MPN). Following collection of cecal contents, a series of 
dilutions was made. Using a 1 ml pipette, 0.5 ml of sample was placed in a 18 x 150 culture 
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tube containing 4.5 ml of anaerobic dilution solution (Andil) (Appendix A). This creates a 
1: 10 dilution and the tube is consequently labeled 10-1. Care was taken to keep the samples 
and equipment anaerobic and aseptic. The sample container and culture tubes were flushed 
continuously with CO2• Further dilutions were made by removing 0.5 ml from the previous 
dilution and adding it to the next culture tube in the series. The final dilution set ranged from 
10-l to 10-10. 
Measurements of lactate-utilizing bacteria were achieved by removal of 0.5 ml of 
sample from each dilution series into 2 corresponding tubes of lactate media (Appendix C). 
The 10-4 - 10-10 lactate tubes were then incubated at 39°C. Growth was determined 
spectrophotometrically (Baush and Lomb - Spectronic 100) at 600 nm of absorbance. 
Measurements of growth were taken at 0, 24, 48, 96, and 144 hours. 
The concentration of cellulose-utilizing bacteria were determined similarly to the 
lactate samples. The Andil dilution series was added in 0.5 ml amounts to 2 corresponding 
tubes containing a cellulose media (Appendix B). The 10-4 - 10-10 tubes were then incubated 
at 39°C. Positive growth was determined by the disappearance of cellulose particles from 
the media. Measurements of growth were taken at 0, 24, 48, 72, and 144 hours. 
Determination of Volatile Fatty Acid Concentration 
Volatile fatty acid butylation was utilized for the determination of concentration of 
acetic, propionic, and butyric acid in the cecum. Sample tubes were prepared by the addition 
of a 1 ml sample to a 13 x 100 screw cap tube with frosted sides. A solution of 200 ul of 200 
mM Heptanoic Internal Standard and 50 ul of 8% NaOH is then added to the tubes. Samples 
are then lyophilized by thawing the samples plus standards. These tubes are then shell frozen 
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in dry ice and acetone. Finally, the samples are placed on the lyophilizer. Butylation is 
accomplished by adding 0.3 ml of butylation fluid plus 0.8 ml chloroform to the sample tube 
and adding a Teflon cap. Samples are vortexed and placed on a 80°C block for 2 hours. 
Samples are then removed and allowed to cool. Triflouroacetic anhydride (o.3 ml) is added 
and the mixture stands for 1 hour. Samples are washed by the addition of 1 ml of water. The 
top layers of water are removed and the washing procedure is repeated 3 times. The bottom 
layer is then removed with a pasteur pipette and placed in a 1 ml GC vial. Subsamples were 
obtained in microfuge tubes at 0, 30, 60, 90, 120, 150, 180, 210, 240, 300, and 360 minutes. 
The sub-samples were then analyzed by gas chromatography (Hewlett Packard GC 5890A) 
according to procedures described by Lambert and Moss (1972). 
Determination of lactate degradation was obtained separately from the other volatile 
fatty acids. A 20 ml sample of cecal fluid was obtained and mixed in a 1:2 ratio with a 
solution containing 20 ml Andil and 30 mM lactate. This mixture was then flushed with CO2 
in a 100 ml serum bottle. The serum bottle was stoppered and capped and set in a shaker 
water bath at 39°C. Duplicate samples were taken for each horse. Subsamples were obtained 
in microfuge tubes at 0, 30, 60, 90, 120, 150, 180, 210, 240, 300, and 360 minutes. 
Concentrations of VF As (acetic, propionic, butyric, lactic) were recorded as µmol/ml. 
Statistical Analysis 
All data was analyzed using the general linear models (GLM) procedures of SAS 
(SAS, 1997). Least square means and standard errors were obtained according to treatment 
effects on the parameters tested. The data was analyzed for 4 treatments (baseline = B, 0 ml 
of product= 0, 10 ml of product = 10, and 20 ml of product = 20). Data was sorted according 
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to period (0 - 8). The main treatment effects were analyzed using horse within treatment 
interaction as the error term. In all cases, probabilities< 0.05 were considered to be 
statically significant. Probability values between 0.05 and 0.15 were considered to be trends 
towards significance. 
Results 
Bacterial Concentrations and pH 
Least square mean values for concentration of lactate-utilizing bacteria (Figure 9) did 
not differ among the treatments (P<.38). Least square mean values for concentration of. 
cellulose-utilizing bacteria (Figure 10) also did not differ among treatments (P<.30). Values 
of least mean squares for pH (Figure 11) did not show significant differences by treatment 
(P<.70). 
Volatile Fatty Acid Concentration 
Least square mean values for acetic acid concentration (Figure 12) did not differ 
among treatments (P<.71). Mean values for propionic acid by least squares methods (Figure 
13) also did not express a difference by treatment (P<.91). Least square mean values for 
butyric acid concentration (Figure 14) tended to decrease with treatment (P<.15). Lactic acid 
(Figure 15) concentrations did not differ by treatment (P<.58). 
Discussion 
Results from previous studies utilizing Lactobacillus acidophilus as a dietary 
supplement have been inconsistent and often non-significant. The results from this 
investigation are similar to those observed previously. Little work has been done concerning 
the use of probiotics in horses. It appears from this investigation that the use of NVP 
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Lactobacillus acidophilus is of little value to the horse. Supplementationof yeast culture 
(McDaniel et al., 1993; Webb et al., 1985) has shown little or no benefits to the microbial 
population of the equine. 
Supplementation with NVP Lactobacillus acidophilus in this investigation did not 
influence the concentration of bacteria within the cecum. Treatment was. unable to increase 
the concentration of lactate-utilizing bacteria in this study. It is of some interest to note that 
Goodson et al. (1988) observed higher concentrations of lactate-utilizing bacteria in the 
cecum of untreated horses. Perhaps this difference is due predominately to differences in 
baseline diets. 
Goodson et al. (1985) also reported significantly lower values of cellulose-utilizing 
bacteria than what was observed in this study. The diet utilized by Goodson et al. (1985) 
consisted predominately of alfalfa hay, while this investigation utilized both a pelleted feed 
and bromegrass-alfalfa hay. 
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Investigations with diets similar to this work yielded baseline concentrations of cellulolytic 
bacteria in agreement with what was observed here (Julliand et al., 1999; Moore and 
Dehority, 1993; Kem et al., 1973; Kem et al., 1974). Dawson et al. (1990) also observed no 
significant changes in cellulolytic bacteria when a Lactobacillus acidophilus product was fed 
to mature steers. 
Cecal pH values determined in this investigation did not change with treatment, but 
initial values are similar to those observed by others (Willard et al., 1977; Kem et al., 1973; 
Kem et al., 1974). McDaniel et al. (1993) observed a decrease in cecal pH with increasing 
supplementation of Aspergillus oryzae. When mature steers were supplemented with 
Lactobacillus acidophilus no significant changes were observed in ruminal pH. These results 
are similar to those observed in this investigation. 
Supplementation with NVP Lactobacillus acidophilus did not significantly influence 
VF A concentrations in the cecum of the horse. Geldings used in this trial exhibited lower 
baseline acetic acid concentrations than those observed by Kem et al. (1973 and 1974). 
Dawson et al. (1990) was also unable to influence acetic acid concentrations in the cecum by 
the use of Lactobacillus acidophilus. However, horses fed Aspergillus oryzae did have 
increased concentrations of acetic acid in the cecum with supplementation (McDaniel et al., 
1993). 
Concentrations of propionic acid were also lower in the horses on this trial when 
compared to previous studies (Kem et al., 1973). Although, McDaniel et al. (1993) found 
concentrations similar to those seen here, it also found yeast cultures to be effective in 
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increasing propionic acid levels. When Lactobacillus acidophilus was fed to ruminants, 
there were no significant changes in propionic acid concentrations (Dawson et al., 1990). 
Supplementation with NVP Lactobacillus acidophilus in this investigation had a 
tendency to decrease the concentration of butyric acid in the cecum. This trend was also 
observed when Lactobacillus acidophilus was fed to mature steers (Dawson et al., 1990). 
The supplementation of yeast culture to horses resulted in significantly increased levels of 
butyric acid in the cecum (McDaniel et al., 1993). Once again, baseline concentrations of 
butyric acid were lower in this investigation than in previous studies (Kern et al., 1973 and 
Kern et al., 1974). 
Concentrations of lactic acid in the cecum also did not change during supplementation 
with Lactobacillus acidophilus. Previous work measuring the concentration of lactic acid in 
the cecum revealed similar results to those observed. Lactic acid concentrations observed in 
this investigation resemble those seen in horses consuming a diet of both hay and concentrate 
(Willard et al., 1977). The supplementation of yeast culture also increased the concentration 
of L-lactate in the cecum. 
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CHAPTER THREE 
GENERAL CONCLUSIONS 
This research represents a continuing effort to understand the effect of probiotics on 
the digestive efficiency of animals. Results from other investigations have been inconsistent 
and have yielded little positive data. The results of this investigation indicate that probiotics, 
particularly non-viable Lactobacillus acidophilus, have no effect on microbial concentrations 
and VF A formation in the cecum of the horse. 
There are seyeral possible explanations of why this product did not seem to be 
effective. It was determined by McDaniel et al. (1993) that yeast culture had to be 
supplemented at 10 times the recommended dosage for the product to be effective. Perhaps 
10 and 20 ml of this non-viable Lactobacillus acidophilus product is not enough to be 
effective. Microbial populations in the equine remain relatively stable unless subjected to 
extreme changes in diet. 
Strains of Lactobacillus acidophilus vary according to the species of animal. 
Gilliland et al. (1980) determined that calves fed bovine and human strains of Lactobacillus 
acidophilus did not have the same reaction. Strains of human origin were less effective at 
adhering to the intestinal tract of the calf. In this investigation, the product contained a 
Lactobacillus acidophilus strain of bovine origin. Perhaps this strain is less effective at 
colonizing the horse's cecum. 
During the course of this investigation, there was some concern about the health of 
the horse involved. The cannulation procedure was not as successful as predicted, and the 
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animals were slow to heal. One horse became ill, was removed from the investigation, and it 
was later euthanized. However, it appears from the baseline bacterial and VF A 
concentrations that these horses are similar to those utilized in other studies (McDaniel et al., 
1993; Willard e. al., 1977; Julliand et al., 1999). 
In conclusion, it does not appear that non-viable Lactobacillus acidophilus products 
are effective in manipulating the equine cecum. Further research needs to be conducted to 
determine the effect of larger dosages and the use of equine strains of product. 
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.APPENDIX A 
ANAEROBIC DILUTION SOLUTION 
Mineral #la 7.5 ml 
Mineral #2b 7.5ml 
Resazurin 0.1 ml 
Double Distilled H2O 80ml 
Na2CO3 5 ml 
Cysteine Sulfidec 2ml 
Combine minerals 1 and 2, resazurin, and water. Flush with CO2, boil, and cool. Once 
cooled, add Na2CO3 and Cysteine Sulfide. Dispense 4.5 ml to 18 x 150 mm culture tubes. 
Stopper under CO2. 
aMineral 1 - 6 g K2HPO4 in 1 1 of H2O (0.6% K2HPO4 in final solution) 
bMineral 2 -.K2HPO4 6 g (0.6% final solution) 
(~)2SO4 6 g (0.6% final solution) 
NaCl 12 g (1.2% final solution) 
MgSO4 7H2O 2.45 g (.245% final solution) 
CaClz 1.59 g (.15% final solution) 
Dissolve salts in order given in 700-800 ml of water, make to 1 liter. 
cCysteine Sulfide - cysteine HCl 2.5 g 
distilled H2O 50 ml 
Flush with N2. Bring to pH 10.0 using 3N NaOH (approximately 12-13 ml). Add 2.5 g 
Na2S 9 H2O. Bring to 200 ml with distilled H2O. 
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APPENDIXB 
CELLULOSE BROTH MEDIUM 
Resazurin 0.1 ml 
Mineral #la 7.5 ml 
Mineral #2b 7.5 ml 
Trypticase 0.1 g 
Clarified Rumen Fluid 30ml 
Cellulose Slurry 1.0ml 
Double Distilled H2O 47ml 
Na2CO3 5ml 
Cysteine Sulfidec 2ml 
Place resazurin, mineral 1, mineral 2, trypticase, clarified rumen fluid, cellulose slurry, and 
water in a 500 ml round bottom flask. Boil under CO2 then cool. Add Na2CO3 and cysteine 
sulfide. Dispense 5 ml into 18 x 150 mm culture tubes under CO2. Keep medium well 
mixed and stopper under CO2. 
aMineral 1 - 6 g K2HPO4 in 1 1 of H2O (0.6% K2HPO4 in final solution) 
bMineral 2 - K2HPO4 
(NI¼)2SO4 
NaCl 
MgSO4 7H2O 
CaClz 
6 g (0.6% final solution) 
6 g (0.6% final solution) 
12 g (1.2% final solution) 
2.45 g (.245% final solution) 
1.59 g (.15% final solution) 
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Dissolve salts in order given in 700-800 ml of water, make to 1 liter. 
cCysteine Sulfide - cysteine HCl 2.5 g 
distilled H2O 50 ml 
Flush with N2. Bring to pH 10.0 using 3N NaOH (approximately 12-13 ml). Add 2.5 g 
Na2S 9 H2O. Bring to 200 ml with distilled H2O. 
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APPENDIXC 
LACTATE BROTH MEDIUM 
Resazurin 0.1 ml 
Mineral #la 7.5ml 
Mineral #2b 7.5ml 
Trypticase 0.1 g 
Clarified Rumen Fluid 30ml 
Li Lactate (lOOmM) 5ml 
Double Distilled H2O 43ml 
Na2CO3 5ml 
Cysteine Sulfidec 2ml 
Place resasurin, mineral 1, mineral 2, trypticase, clarified rumen fluid, Ii lactate, and water 
into a 500 ml round bottom flask. Boil under CO2. Cool then add Na2CO3 and cysteine 
sulfide. Dispense 5 ml into 18 x 150 mm culture tubes. Stopper tubes under CO2. 
aMineral 1 - 6 g K2HPO4 in 11 ofH2O (0.6% K2HPO4in final solution) 
bMineral 2 - K2HPO4 6 g (0.6% final solution) 
(~)2SO4 6 g (0.6% final solution) 
NaCl 12 g (1.2% final solution) 
MgSO4 7H2O 2.45 g (.245% final solution) 
CaClz 1.59 g (.15% final solution) 
Dissolve salts in order given in 700-800 ml of water, make to 1 liter. 
cCysteine Sulfide - cysteine HCl 2.5 g 
distilled H2O 50 ml 
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Flush with N2. Bring to pH 10.0 using 3N NaOH (approximately 12-13 ml). Add 2.5 g 
Na2S 9 H2O. Bring to 200 ml with distilled H2O. 
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APPENDIXD 
VALUES AND STANDARD DEVIATIONS FOR PARAMETERS 
MEASURED 
Cellulose-utilizing bacteria (P<.30) 
Treatment (ml) 
B 
0 
10 
20 
LS Mean ( # bacteria/ g) 
4.51 X 108 
2.53 X 109 
6.60 X 109 
3.94 X 108 
Lactate-utilizing bacteria (P<.38) 
Treatment (ml) 
B 
0 
10 
20 
pH (P<.70) 
Treatment (ml) 
B 
0 
10 
20 
LS Mean ( # bacteria/ g) 
6.42 X 107 
3.25 X 108 
2.53 X 109 
3.80 X 108 
LS Mean 
6.80 
6.80 
6.73 
6.75 
Concentrations of acetic acid (P<.71) 
Treatment (ml) 
B 
0 
10 
20 
LS Mean (µmoVml) 
12.39 
13.80 
13.41 
13.03 
Standard Deviation 
3.42 X 109 
1.77 X 109 
2.34 X 109 
2.42 X 109 
Standard Deviation 
1.55 X 109 
7.98 X 108 
1.06 X 109 
1.09 X 109 
Standard Deviation 
0.08 
0.04 
0.06 
0.06 
Standard Deviation 
1.35 
0.51 
0.68 
0.71 
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Concentrations of propionic acid (P<.91) 
Treatment (ml) 
B 
0 
10 
20 
LS Mean (µmol/ml) 
5.13 
5.60 
5.84 
5.69 
Concentrations of butyric acid (P<.15) 
Treatment (ml) 
B 
0 
10 
20 
LS Mean (µmol/ml) 
1.44 
1.28 
1.17 
1.02 
Concentrations of lactic acid (P<.58) 
Treatment (ml) 
B 
0 
10 
20 
LS Mean (µmol/ml) 
13.13 
11.56 
10.93 
12.05 
Standard Deviation 
0.92 
0.35 
0.46 
0.48 
Standard Deviation 
0.19 
0.07 
0.10 
0.10 
Standard Deviation 
1.55 
0.59 
0.78 
0.81 
